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NON-LINEAR PREDISTORTION LINEARIZING 
CIRCUIT FOR A VARACT OR DIODE TUNED 

OSCILLATOR 

This application is a division of Ser. No. 879,464, Feb. 
21, 1978. » 

BACKGROUND OF THE INVENTION 

This invention relates to a short range, hand held, FM 
radar device having a unique tracking operation and a 
linearizing sweep for a varactor drive to a Gunn diode 
which generates the rf signal. The target signal is read 
as distance on an LED display; an audio output simulta 
neously produces a frequency tone proportional to tar 
get distance. 
The tracking circuit which is employed by the inven 

tion also can be utilized for other purposes besides ra 
dar. This includes radio receivers, hum rejection, morse 
code reception, speech recognition, S/N improvement 
of electrocardiogram signals, lock-in ampli?ers, dis 
criminators, frequency synthesizers, etc., where it is 
desired to improve the S/N of a slowly moving signal. 
Many needs exist for a short range radar device that 

is both inexpensive and lightweight. As an example, 
small craft such as sailboats and small powerboats could 
use such a radar device since these craft cannot justify 
the size, weight and expense of a more conventional 
radar system. Although effective only at short range, a 
lightweight, short range radar device would be highly 
desireable since a slowly moving craft could easily 
avoid a collision or an obstacle if the operator were to 
have suf?cient warning. Even a large craft could em 
ploy a short range, portable radar; if it were moored or 
drifting, detection of an oncoming craft would enable 
the operator to adopt collision avoidance procedures. 

Furthermore, if a'radar device were portable, it could 
be utilized by the owner at various locations rather than 
having it con?ned to a ?xed installation. This ?exibility 
would increase the value of the device since it could be 
rented and therefore be used very frequently. 
Many radar devices employ a klystron tube for the rf 

oscillator, and this represents an expensive component 
of the system; replacement of this tube by, say, an rf 
Gunn oscillator and tuning diode would considerably 
reduce the overall cost of the radar device. However, 
for FM modulation, it is preferable to employ a suitable 
wave form to the tuning diode to obtain a target signal 
that is linear with respect to distance. 

Finally, it is important that a suitable target discrimi 
nator system is utilized which is inexpensive, effective, 
andcan provide a fast response time for adequate signal 
discrimination. 

THE INVENTION 

According to the invention, a short range, light 
weight (about 3 pounds) portable radar device is pro 
vided employing a unique tracking ?lter, a Gunn rf 
oscillator in a microwave cavity, a varactor diode to 
sweep (or tune) the cavity, and a predistortion circuit to 
linearize the rate of change of frequency. The sweep 
signal to the varactor diode is produced by a saw tooth 
generator and predistorted vin a parabolic generator. 
Consequently, a difference frequency is subsequently 
produced which is linear and can be converted readily 
into target distance. 

Basically, the tracking ?lter feeds signals from high 
and low pass outputs from a ?lter section to an error 
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2 
drive circuit. An addition and a multiplication are per 
formed in the error drive circuit to produce the func 
tion: High Pass (High Pass+Low Pass)Voltage, which 
is abbreviated: Highp_v_(Highp_v,+Low‘,,_v_). This func 
tion is then integrated to produce the error drive signal: 
fHighp,v,(Highp.v.+Lowp_v_)dt, which is then fed back 
to the filter section. The error drive signal then operates 
to center and lock the band pass output on the primary 
or predominant input (i.e. target) frequency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. l-5 illustrate a preferred circuit diagram of the 
FM radar device of this invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT - 

The circuit elements shown in the drawings are dis 
crete elements but these can, of course, be incorporated 
into a chip circuit if justi?ed by the economics of quan 
tity production. 

Referring to the circuit, incoming signals from the 
target are fed to a diode mixer 1 which produces a 
difference signal that is fed to a preampli?er section 
having a wide (60 db.) AGC range. Power for the pre 
ampli?er is supplied through a bias resistor 2 and 
through a voltage divider comprising a capacitor 3 and 
resistors 4 and 5. The difference frequency 'is fed 
through a coupling capacitor 8 to a variable, transcon 
ductance ampli?er 9 which is a variable gain ampli?er 
(i.e. multiplier); no signal feedback is desired. Self bias 
ing and dc feedback from a subsequent stage is obtained 
for the ampli?er 9 by a capacitor 10 and resistances 11 
and 12. The difference signal is fed to an impedance 
matcher 13 supplied with a band width control capaci 
tor l4; feedback to the input of the impedance matcher 
13 is through a resistor 15 and low pass capacitor 16. As 
mentioned, dc biasing feedback to the transconductance 
ampli?er 9 is through the resistor 12. The difference 
signal is fed through an RC circuit 17, 18 (which func 
tions as a time constant and coupling circuit) to a gain 
stage 19. Feedback to the gain stage 19 is made, as in the 

_ case of impedance matcher 13, through a 25 pf capaci 
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tor 20 and resistor 21. 
In the ?lter section, ampli?er 23 sums the input signal 

from resistor 22, the low pass signal through resistance 
25, and the high pass output through resistance 24, the 
sum being the high pass output. The non inverting input 
of ampli?er 23 is driven by a band pass output (infra) 
through a voltage divider 26, 26A; this sets the Q of the 
?lter, and thus the band width. 
The high pass output is fed to a variable gain element 

consisting of a voltage divider having resistances 27, 28 
and a variable operational transconductance ampli?er 
(OTA) 29. The current from OTA 29 is integrated in 
capacitor 30 by an ampli?er 31; this provides the band 
pass output. 
The bandpass signal is fed to an OTA stage compris 

ing resistors 32, 33, OTA 34, ampli?er 36 and capacitor 
35 which operates in the same manner to provide a low 
pass output. The gains of the OTAS are determined by 
the bias current provided to them through resistors 49, 
49A, 50 and 50A. The voltage at the junction of resis 
tances 50 and 50A will therefore determine the center 
frequency of the ?lter. 
The bandpass output representing the target signal in 

which random noise, clutter, interference, etc., has been 
reduced is then fed to a conventional audio ampli?er 
output, shown in FIG. 3. Variations in audio frequency 
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as a function of target distance enable the user, with 
practice, to employ the auido portion to supplement use 
of an LED readout which will be described, infra. The 
operating technique is quite simple since, usually, it 
merely entails searching for a target; during the target 
searching phase, the audio produces a varying sound 
until the target is located. The varying sound then be 
comes a continuous tone indicating the signal has 
locked onto a valid target; the target distance is then 
read from the LED. A compass (not shown) may be 
mounted on the device to facilitate avoidance proce 
dures when a target is located. The bandpass output also 
is fed through an AGC feedback circuit which will be 
discussed, infra. 
High pass signals from the ampli?er 23 and low pass 

signals from the ampli?er 36 are fed to an error drive 
network to obtain the error drive signal: fHighp_v_. 
(Highp_v_+Lowp,v_)dt. The output signals are ?rst 
summed across resistors 37, 38 which sum the voltages 
to obtain the function: (High pass output voltage+ Low 
pass output voltage), and this sum is then fed to a multi 
plier 42. The high pass signal also is fed from ampli?er 
23 through a summing resistor 40 and coupling capaci 
tor 41 to the multiplier 42; this obtains the function: 
Highp_v_(Highp_v_+Lowp_v,) at the output of the multi 
plier 42. A voltage divider 39 produces a 20:1 voltage 
ratio for the input voltage range of the multiplier 42, 
while a bias resistor 43 sets the quiescent current for the 
multiplier from an analogue power supply. Resistances 
44, 45 are used to produce a zero adjustment for offset 
current. 
The current representing the function: High”, 

(I-Iighp_,-_+Lowp_v,) is then integrated in capacitor 47, 
and integrating ampli?er 48 to obtain the integrated 
function: fHighp_v_(Highp.v.+Lowp_v,) dt, which is the 
error drive signal. Bias current for the ampli?ers 29, 34 
is supplied through bias resistors 49, 49A. Resistors 50, 
50A convert the center frequency voltage (i.e. error 
drive voltage) to a center frequency error drive current. 
The error drive changes the effective resistance of the 
ampli?ers 29, 34 causing the ?lter center frequency 
voltage to be modi?ed and thereby centering the band 
pass output on the predominant target frequency. 
The tracking operation is as follows: random noise 

which is received will produce no dc. component in the 
error signal integrator; hence, the center frequency of 
the ?lter remains constant. When a target is located, it 
will produce repetitive signals, and the multiplier (and 
hence integrated signal) will produce a dc component. 
When applied to the voltage variable networks, the 
center frequency of the ?lter will be driven toward the 
frequency of the repetitive signal, which is the target. 
As the center frequency of the ?lter approaches the 
target frequency, the center frequency will be ampli?ed 
even more and center and lock the ?lter onto the target 
frequency. If the signal frequency then changes slightly, 
the integrated error drive signal forces the ?lter to 
‘follow because changes in signal frequency will pro 
duce an immediate change in the integrated signal. In 
effect, the tracking ?lter selects the signal having the 
strongest Fourier component of the signal, locks onto 
the frequency and rejects other lower amplitude fre 
quencies. The signal from the bandpass output is fed to 
the audio output which produces a continuous audio 
tone, the frequency of which is proportional to target 
distance. 
AGC is obtained by comparing the bandpass output 

with a reference, integrating the difference and feeding 
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4 
the integrated difference back to the preampli?er stage. 
The AGC network is fed from the bandpass output of 
the ?lter and comprises a resistance 52 and diode 53 
which rectify the output voltage, a resistance 54 to set 
up a reference current and an integrator comprising a 
resistance 55, capacitor 56 and ampli?er 57. An inte 
grating feedback is employed to slow the response time 
so that the AGC will follow the input signal amplitude 
(i.e. the envelope), but will not follow the input signal 
itself. AGC feedback resistor 58 converts the AGC 
voltage to a bias current for OTA 9. 

Repetitive output (i.e. target) signals from the band 
pass output of the ?lter section are sent through an input 
resistor 59 to a square wave forming Schmitt trigger 
circuit 60 and 61, where each output signal is converted 
to a square wave pulse. Resistance 61 is employed to 
provide hysterisis for the circuit and this enables its 
response to be set for a speci?c minimum height and 
thus act as a discriminator. Since the output frequency 
from the ?lter is linear with respect to distance, a count 
/unit time=frequency can be translated ‘into target 
distance; this count is then sent to a 4 decade counter 62 
and through drivers 63 for display in an LED 64. 
The AGC signal is also sent to a signal threshold 

circuit 65, 66, 67 and 68. An excessive AGC signal 
indicating an invalid (i.e. low amplitude) signal, will 
shut off the LED drivers 63 and hold the counters at 
zero by means of a gate. Consequently, the signal 
threshold circuit and ?lter function together to permit 
in the LED display, only repetitive signals, and only 
those repetitive signals which exceed a speci?c mini 
mum strength. 
A level indicating a valid target is fed through a gate 

69 and inverter 70 which enables a latch signal and 
activates the LED drivers 63. The latch signal is then 
fed to the counter, and when combined with the count 
signal, will be registered as target distance. 
Timing signals for the LED are produced by a timer 

71 with l KHZ oscillations which are converted to 
about 1 second square wave pulses in a voltage divider 
72. A latch signal and reset signal are derived from the 
square wave and used to transfer counter information 
into the display latch and reset the counters respectively 
every second. An invalid signal from the signal thresh 
old circuit disables and resets the counter. 
The Gunn diode rf oscillator 80 (FIG. 4) is driven 

from a power supply comprising an adjustable pre 
driver 81 (FIG. 1) and a power transistor 82 (FIG. 1). 
This provides an output power from the Gunn diode of 
about 100 mW at a frequency of 14.025 GI-Iz. When 
operated at its maximum range of about 2 miles, the 
above output power obtains a return signal of approxi 
mately 3 microvolts rms. depending on the target. Out 
put and input signals are emitted and received from a 
common Cassegrain antenna system as shown. 
FM modulation for the oscillator is provided as 

shown by a saw tooth generator network (FIG. 4) and 
parabolic shaping network (FIG. 4) which shapes the 
sweep signal to the varactor tuning diode 83 to provide 
a linearly swept FM, rf signal by means of inverse cur 
vature. The saw tooth output is fed through an adjust 
able resistor 90 and ?xed resistor 91 to OTA 92 and its 
voltage divider 93. A portion 'of the saw tooth signal is 
also coupled through an RC 94, 95 to the bias input of 
the OTA 92. The output signal from OTA 92 thus con 
tains a component proportional to the square of the saw 
tooth output, and has the form: AV2+BV + C, where A 
and B are constants that may be adjusted, and C is the 
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offset; B, and C also can be zero. From OTA 92, the 
output current is fed to a current converter combination 
of operational amplifier 96 and feedback resistor’ 97; a 
capacitor 98 is employed to reduce the bandwidth, 
reject noise, etc. The combination of ?xed resistor 99 
and variable resistor 100 provides a dc. bias control for 
the varactor 83. 
Power for the entire system including coupling and 

decoupling capacitors and an on-off switch, is supplied 
from conventional sources, not shown. To minimize 
interference, those portions of the device employing 
analogue power, i.e. the mixer, ampli?er, ?lter, error 
drive, AGC, and signal counting are constructed on one 
side of a septum plate 85. The remaining components of 15 
the radar device including the saw tooth and parabolic 
generators, Gunn drive, audio, timer and LED circuits, 
all of which employ digital power, are constructed on 
the other side of the septum plate 85. 
The radar device of this invention signi?cantly im 

proves the signal/noise ratio of a slowly moving signal 
using a unique tracking function and linearizing sweep 
for a tuned varactor which drives an inexpensive Gunn 
oscillator instead of a much more costly klystron de 
vice. 

It will be appreciated that other integrated error 
drive functions similar to that described may be em 
ployed without departing from the spirit of this inven 
tion. These include integrated functions such as: 
Highp.v.(Highp.v. -' L0wp.v.)i 

Highp_y_ Low”, ' 
Highp_v_ i Low”, ’ High,“ i Lowpm ’ 

and, Lowp_v_(Highp_v_iLowW), the negatives and in 
verses of the above, etc., and are included within the 
meaning of the preferred function Highp,v_(Highp_v__ 
+Lowp_,.,) which has been integrated. Likewise, band 
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6 
pass,.allpass and notch outputs can be employed in a 
similar fashion in place of the term: (HighnkiLowpy). 

Finally, it will be noted that the circuitry components 
of the present invention are quite inexpensive and, for 
the most part, are self adjusting during operation of the 
device. Only a few components require adjustment and 
they are made at the factory, where indicated. Power 
for the entire circuit including Gunn diode and LED 
display only requires a single 12 volt battery at 1.5 
amps. The major portion of the power is consumed by 
the LED and the Gunn diode, about 1.2 amps, the bal 
ance being consumed by the remaining circuitry. 

I claim: 
1. A linearizing circuit for an oscillator including an 

rf cavity comprising: 
(a) means for providing a saw tooth sweep; 
(b) parabolic generating means for shaping the saw 

tooth sweep; and 
(c) a variable tuning diode in the rf cavity fed from 

the parabolic generator. 
2. The linearizing circuit of claim 1 wherein output 

from the parabolic generator contains a component 
proportional to the square of the saw tooth output, with 
the form: AV2+BV+C, where A, B and C are adjust 
able constants and C is the offset. 

3. In a linearizing circuit for an oscillator including an 
rf cavity, means for generating a non-linear predistor 
tion factor to be applied to a signal supplied to a tuning 
means for said oscillator, said predistortion means, com 
prising: 

an operational ampli?er receiving a signal from a 
linear sweep signal generating means; and 

passive means connected to said ampli?er bias input 
for causing a signal at the output of said ampli?er 
that is the square of the input signal thereto. 

4. The non-linear predistortion generating means of 
claim 3, wherein the signal at the output of said ampli 
?er has the form AV2+BV+C wherein A and B are 
adjustable constants and C is the offset. 
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